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Quantitative assessment of left ventricular function was performed by single plane cineangiography in I3 patients with ischaemic heart disease without clinical heart failure. As compared with normal controls, 7 of I3 patients had a reduced ejection fraction and 'normalized' ejection rate, suggesting impaired left ventricular function. These patients could not be differentiated clinically in any way from the remaining 6 patients who had a normal ejection fraction or ejection rate. There was also no correlation between the ejection fraction or ejection rate and the angiographically determined severity of the coronary artery disease. Though the number of patients studied was small, the ejection fraction and ejection rate were found to provide a good correlation with the postoperative andfollow-up results. All 3 patients who died, and another 3 patients who developed heart failure, had a reduced ejection fraction and ejection rate. In contrast, of 7 patients who remain alive and well, all but one had normal or near normal ejection fraction and ejection rate. Unlike ejection fraction and ejection rate, there was no correlation between left ventricular end-diastolic pressure and postoperative or follow-up results.
Assessment of left ventricular function in patients with ischaemic heart disease is of -considerable importance for their medical and surgical management. However, left ventricular function is difficult to assess by conventional clinical criteria in the absence of overt heart failure. The ejection fraction and the ejection rate, derived from left ventricular volume analysis by angiography (Chatterjee et al., 1971) 
Patients
Clinical details of the patients studied are summarized in the Table. In all patients coronary artery disease was confirmed by selective coronary arteriography. This revealed severe disease (complete occlusion or obvious stenosis and irregularity) of all 3 major coronary vessels in 6 patients, of 2 vessels in 6, and of i vessel in i patient. No patient had ventricular aneurysm as shown by left ventricular angiography. All patients had angina of effort and 8 had dyspnoea associated with angina. Seven patients gave a history of previous myocardial infarction. Physical signs were normal in all but 2 patients, one of whom had an atrial and the other a third heart sound. There was no evidence of any valve lesion in any patient; all had normal blood pressures and were in sinus rhythm at the time of study. Heart size was normal both clinically and radiologically in all but one patient who had a slightly increased cardiothoracic ratio (52%) on plain chest x-ray. At the time of investigation no patient had any objective evidence of clinical heart failure (paroxysmal nocturnal dyspnoea, significantlyraised jugularvenous pressure, hepatomegaly, or peripheral oedema).
The electrocardiogram showed characteristic changes of old myocardial infarction in 8 patients 56o Chatterjee, Sacoor, Sutton, and Miller Six patients were taking propranolol, 3 digoxin, and 2 both propranolol and digoxin before investigation. All drugs were discontinued 48 hours before investigation.
Of the 13 patients, a revascularization procedure was performed in 7 in whom there was no symptomatic improvement after a trial of medical treatment including the use of beta blockers (propranolol).
All patients except i who died in the immediate postoperative period were followed up for an average of I5-6 months (range I week to 32 months-see Table) .
Methods
Left ventricular volumes were calculated from single plane cineangiography in the anteroposterior (AP) projection (Chatterjee et al., I97I) . Cineangiography for volume analysis was performed before selective coronary arteriography was undertaken, to exclude the possibility of this latter procedure affecting left ventricular function (Kay et al., 1970) .
Left ventricular function was assessed by deriving the following measurements from the beat-tobeat left ventricular volume curve: end-diastolic volume (ml/m2), end-systolic volume (ml/m2), both read directly from the volume curve, left ventricular stroke volume (ml/m2) = end-diastolic volume minus end-systolic volume; ejection fraction = left ventricular stroke volume/end-diastolic volume, and the normalized ejection rate in vol/sec obtained by dividing the ejection rate in ml/sec by the end-diastolic volume (Ml/M2). The volume data in these patients were compared with data similarly obtained in normal controls.
The resting left ventricular end-diastolic pressure was measured in all patients, either immediately after the 'a' wave or, if the 'a' wave was not clearly visible, at 0-05 sec after the Q wave of the cardiogram (Braunwald, Fishman, and Cournand, I956).
Results
Clinical, haemodynamic, coronary arteriographic, and left ventricular volume data together with postoperative and follow-up data are summarized in the Table. Left ventricular volume analysis In a group of 7 patients with no significant cardiac disease previously reported from this laboratory (Chatterjee et al., 1971) Relation between ejection fraction, ejection rate, and postoperative and followup results All 3 patients who died (Cases 10, II, and I2) had much reduced ejection fraction and ejection rate and the 3 patients who developed heart failure either postoperatively or during the follow-up period (Cases 8, 9, and I3) also had reduced ejection fraction and ejection rate. By contrast, of the 7 patients (Cases I to 7) who remain alive and well, without any complications, both the ejection fraction and ejection rate were normal in 4, and in 2, though the ejection fraction was slightly reduced, the ejection rate was normal. Only one patient with a reduced ejection fraction and slightly reduced ejection rate has remained well during the follow-up period. Unlike ejection fraction or ejection rate, left ventricular end-diastolic pressure bore no relation to the postoperative or follow-up results (Fig. 2b) . There was no correlation between ejection fraction or ejection rate and the angiographically determined severity of the coronary artery disease, nor was any correlation found between angiographically determined severity and the clinical and haemodynamic findings or the postoperative or follow-up results. normal IHD has also been regarded as a contraindication for revascularization surgery in patients with {-diastolic ischaemic heart disease (Sewell, I966) . In c heart disease this study, however, there was no correlation 1s. End-diasbetween it and postoperative results, suggestd raised in 5 ing that the left ventricular end-diastolic a patients with pressure is probably not a reliable index for red with norselection of patients with ischaemic heart he postoperadisease for surgical treatment. Lack of correlation between left ventricular end-diastolic pressure and postoperative results has also entricular dys-been reported by others (Johnson and Lepley, irug (e.g. pro-1970 between the isovolumic rate of rise of pressure and the integrated isometric stress (Hermann, Singh, and Dammann, I969) , and the velocity of the contractile element at peak stress (Vogel, Horgan, and Strahl, I970; Gault, Ross, and Braunwald, I968 
